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1.0 SUMMARY

A study was conducted to estimate the cost benefit of using a 9-cSt lubricant in helicopter
transmissions in place of the DOD-L-85374 oil currently being used. The expected benefits of
using this higher-viscosity lubricant include longer lives for bearings and gears and a reduced
rate of internal parts corrosion.

The study was based on an analysis of direct maintenance costs for the main transmission of
the SH-60B helicopter and an extrapolation of SH-60B cost benefits to other helicopters in the
U.S. Navy and Marine Corps inventories. The cost savings projected from this analysis are
presented in Table 1-1. Overall, the SH-60B helicopter would achieve an estimated annual
savings of $709 thousand in gearbox unscheduled maintenance costs, with the savings for all
U.S. Navy and Marine Corps helicopters reaching an estimated $7.5 million annually.

Table 1-1 Summary of Projected Cost Savings

Dollars Dollars
Per Per

Cost Category Fit-Hour Year Percent

SH-60B Main Transmission 9.39 600,490 18.7

All SH-60B Gearboxes 11.08 708,500 18.7

All Navy and Marine Corps Helicopters 7,489,000 16.3

The study was conducted as follows: An analysis was performed to determine the effect of
9-cSt lubricating oil on the life of main transmission components. The analysis examined
bearing life and the scoring and wear of gears in a 3400 Series SH-60B main transmission
assembly. Calculated life improvement ratios range between 1.01:1 and 3.67:1 for the gear
meshes, with the higher-speed meshes experiencing the greatest gains. Calculated life
improvement ratios for bearings range between 1.04:1 and 4.30:1.

Field data were analyzed to quantify the unscheduled removal rate of main transmission
modules and to establish the causes for removal within specific categories. Depot repair
records were analyzed to develop usage factors for the gears and bearings contained in each
module and to develop estimates for the fraction of corrosion-related defects by part. Unit
cost data were assembled, and average repair material costs were calculated. Average
material cost per unscheduled repair were calculated at $3,299 for the accessory module,
$18,346 for the input module, and $47,890 for the main module.

Life factor ratios were applied to these data to project the reduction in parts usage resulting
from use of the 9-cSt oil. Corrosion-related parts usage rates were projected on the basis of
corrosion test data supplied by the Naval Air Warfare Center (NAWC), Aircraft Division,
Trenton, NJ. Total material cost savings were projected by part. Average material cost
savings per unscheduled repair were calculated at $1,924 for the accessory module, $6,023
for the input module, and $16,113 for the main module.
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A compositelife factor ratiowas developedfor eachmoduleand appliedto current
unscheduledremovalratesto projectratesof removalwhen9-cSt oil is usedfor lubrication.
Historicalrecordswere usedto establishthe averagecosts of modulereplacementat the
fleet-and depot-levelsof maintenance. Anoverall per-flight-hourcost savingswascomputed
for each moduletype. The per-flight-hoursavingswerecalculatedat $0.79for the accessory
module,$3.01for the inputmodule,and $5.59for the mainmodule• This representsa total
savingsof $9.39per flighthouror 18.7%of the $50.19per flight hourexpendedon all
unscheduledmaintenanceof the SH-60Bmaintransmission.

The percentagecost reductioncomputedfor the maintransmissionwas appliedto the SH-60B
intermediateand tail rotorgearboxesto yieldestimatedper-flight-hourcost savingsof $0.22
and $1.47respectively.This representsa total savingsfor all SH-60Bgearboxesof $11.08
per flighthour or approximately16.3%of the $68.00per-flight-hourcost of maintainingthe
entiretransmissionsubsystem.This percentagecost reductionwas thenextrapolatedto other
helicoptersin the U.S.Navyand MarineCorpsinventoriesto obtaina rough-order-of-
magnitudeannualcost savingof approximately$7.5million.

2.0 GEAR AND BEARING LIFE IMPROVEMENT ANALYSIS

A comparison was made of the EHD film thickness between a 9-cSt oil and DOD-L-85374 oil
which has a viscosity of 5.5-cSt. (Both viscosity measurements are taken at 210 degrees F•)
The ratio of EHD and composite surface roughness yields the specific film thickness, A.
Figure 2-1 illustrates the relationship between component life and specific film thickness; i.e.,
for A greater than one, the life is greatly improved. The goal, therefore, was to show that the
use of a 9-cSt oil will increase A and the lives of gears and bearings•
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2.1 Analysis of Gear Meshes

The first part of the analysis looked at each gear mesh in the main transmission. Geometric
data and operating conditions were compiled and processed by a computer program to
calculate the EHD film thickness for each oil. The computer program is based on the

Dowson-Higgenson method as outlined in Reference 1. Application of the Dowson-Higgenson
Method to the spur gears was straightforward; the bevel gears required conversion to
equivalent helical gears before the analysis could be applied. This conversion involves
transforming the geometric parameters (pitch diameter, cone distance, etc.) from values
measured at the outer edge of the gear to mean values. For example, the conversion for
outer cone distance is:

Amean = Aouter - (F/2)

where:

Amean = cone distance measured to the center of the gear

Aouter = cone distance measured to outer edge of the gear

F = face width of the gear

Amean is then used as an input for the Dowson-Higgenson calculation. Figure 2-2 shows the

required bevel gear data and its conversion to equivalent helical gear data.

/
/

/
/

/
/

/
/

d=dm /N=N
/z pitcht = N/dm

z / pitchn=pitcht/cos
a=am
b=bm
t (norm) = tm (norm)
F=F
rpm = rpm

Equivalent Helical Gear

HP = (rpm)(Wt)(d)/126,050

Figure 2-2. Conversion for Bevel Gear to Equivalent Helical Gear
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Loadvaluesfor the gear meshesare basedon the maximumcontinuoushorsepowerfor the
H-60 helicopterobtainedfrom Reference2 report. The maximumcontinuoushorsepower
valuesare as follows:

single-engineinput = 1,900

twin-engineinput= 3,400

main rotor= 3,060

tail takeoff= 424

4th hydraulic= 40

An equivalentmaximumcontinuoushorsepowerwas developedfor the individualplanetary
pinion/sungear meshesand individualplanetarypinion/ringgear meshesusingthe "equivalent
fixedcentersystem"methodof analysis. Thefollowingequationyieldsan equivalent
horsepowerof 481:

HP -
eq

HP (rlOmsun-rlOmcage)

n rlOmsu n

where n = number of planetary pinions

Because it is known that an increase in oil viscosity causes an increase in temperature at the

gear mesh, the analysis was adjusted assuming a slightly higher temperature for the 9-cSt oil.
The output of the program, EHD film thickness, is used to calculate specific film thickness, A.
A percent of standard life, or life factor, was then determined from Figure 2-1 for each oil.

2.2 Analysis of Bearings

A similar analysis was used for the bearings. Geometric data and operating conditions were
input to a computer program based on the Grubin method for calculating EHD film thickness.
The Grubin method is defined in Reference 3. Again, life factors for each oil were determined
from Figure 2-1 and compared.

Load values for the bearings are based on prorated horsepower, and for the main rotor shaft
bearings, prorated rotor head moments. Prorated horsepowers are calculated from the
mission usage spectrum given in Reference 4 and the following equation:

HPp= [_T i (HPi/HP b) 10/3] 3/lo



9-cStOil Cost BenefitAnalysis SER-510474

where

HPp= proratedhorsepower

HPb= base horsepower

HP_= horsepowerat a particularpointi in the load spectrum

T_= percenttimeat a particularpointi in the load spectrum

The proratedhorsepowersat differentlocationsin the main transmissionare:

main bevelpinion= 1,200

main bevelgear= 2,400

planetpinion= 2,253

tail takeoff= 147

4th hydraulic= 25

For the main rotorshaft,the proratedheadmomentis 152,400in-lbs.

2.3 Analysis Results

The results for the analysis of the gear meshes are shown in Table 2-1. Each gear mesh
experiences an improvement in life with the 9-cSt oil ranging from 3.67:1 for the accessory
spur gear to 1.01:1 for the oil pump spur gear. Because EHD film thickness is sensitive to
RPM, the higher-speed meshes experience the greatest improvement.

The results for the analysis of the bearing lives are shown in Table 2-2. Again, every bearing
exhibited an increase in life, with the highest-speed bearings experiencing the greatest
improvements. The improvements ranged from 4.30:1 for the main bevel gear roller to 1.04:1
for the main rotor shaft roller bearings.

In general, the life improvement occurred more frequently and was larger for the bearings than
for the gears. The difference in frequency can be explained simply by the presence of more
high-speed bearings than high-speed gears. The explanation for the lower life improvement
ratios for the gears is more complex. One possible cause is that higher sliding conditions
increase surface heating, and higher friction coefficients result in reduced EHD film thickness,

surface fatigue life, and increased wear and scoring (Reference 5). The presence of load-
carrying additives in the 9-cSt lubricant would be expected to alleviate this. The advantage of
the improved load-carrying capacity of the 9-cSt oil (improving scuffing/scoring modes) was
not incorporated in the current study.



9-cStOil CostBenefitAnalysis SER-510474

uO 0



9-cSt Oil Cost Benefit Analysis SER-510474

O

,.,I

(..)
,_J

O

O
I.-
O

LI.
LU
U.
i

,-I

Z
m

or"

LU
lib

I

LU
,.J

I-"

C'4, ,

ntrl i

:',,,, ; ,
=1 ..I;

I

.L.j.

?tt)l

,.. .,_, _!

i

¢,,,11_b 1

m_ ,_:i '_i _'......... _d_

! ; ! ' ! I I i

4 I :

,_,0_

!_101

! '

i

I,,,jq,.

4

1

7

z_

/



9-cSt Oil Cost Benefit Analysis

_. c,,i .-.: ...: ..: _ ,c6 c6 c_ _ -..;

SER-510474

o')
ii
O
IN
v

(/)
Z
O
i

I--

--I
:3
tj
.J

(J
n-
O
I-
tj

ii
U.I
ii
i

--I

(O
Z
i

n-

iii
El

c,,i
I

i!1
--I
El

I--

OIO)1

OtOI

'_t", £_ i t,_ I N', ,_" pCXJ (,01C"J _ 0 It') O_ I (") :

did d_d _dld (5:(5 (5_d _i d d_d',

I ' _ i " i

01, O')r

Idto I

il;
:(5 (5 IdtcSl

i I I :

Illil_

! ,

.5

olO I

I..II

;_i6,
' OIU

i '_1"i

I-J_

_'_5_
oi0!

. ' £") I

I _ol; ,#1
, cJ I t.J i

I O_ t"_ !

:J, ,_i _J, J

i oiO; :

it. r"i -'_ _ i i l i _ ;

' ]I.LII , I,I. fill I,_ !I.I.I i _I,_h --h -Jl i--I

" " '
i - , ,_', i_o r'm'': '" " ' --_
,__o,:o!o, iol, oi ,o ; ;=o_ !o, o! ,Io131:E ' J,trl ' E, ;E: ' ,I--IEI _ El ; lIE

, , i i i _ --F-i-i-,_ -- _T _ _ ! _
nl _ l,.,i _ ', i ! I t'r . i _'I . , :I ; it'Ll _ ,t_ I i01 : ' I

I'_ i:_ 1 ! _ ,O ' ;O: Izi ; _ _ i I "rl I'rl I
!_; ' l_I I ; -- I,I. :_ ! , : 0'_I tCf)l I

, uJ,(..) uJi c.) '",O I,,,i< ;.O. ,_ iua:_: "",_' IO' ',OI I
_(_"': :(_ " '" ,,>/ i_I''' ,<I,.,'_1@''o'-' : !oI'_'1II

.cm-: _,'_: ,<!'." _ _: o"_ : ,c_

L m ' 0 I _ I m [ 0 ] _ '" m ; 0 ; < m : 0 : _ ' m ; < _ _ _ : m ' _ I ' : _ ; < l m < '

(_: _1+, J_ ' ' CO ; --I, .].. : t,.OI,..I_I-,- t,,/31 _ ,_" , t./3, I--



9-cSt Oil Cost Benefit Analysis SER-510474

U,,
O

t./)
Z
O
m

I,-

-,I

t_
_!
<
O
n-
O
I-
(3
,<
1.1..
ILl
LI,.
m

,,_1

Z
m

<
I.U

_4
I

I.!.!
,.,.I

<
I--

O

,,_,d

I

I

t

_ILt)

I'
i

_:_ r-_ t-.

i

I_r 1.1_. i I.I- ILI..

IJJ ; L,IJ : l.IJ ; 1.1.1

IZ}:O i t.t)L O

I ul_ _!_
l_qa !_La

I0;

,_

:"r il_l

i iU.I_

<:uJ
O.en

,_ ', .,,,.J, ,,_ _



9-cSt Oil Cost Benefit Analysis SER-510474

2.4 Other Issues

2.4.1 Corrosion

The 9-cSt oil developed for test by the Navy contains a package of corrosion-prevention
additives whereas DOD-L-87354 oil does not. Corrosion testing conducted at the Naval Air
Warfare Center (NAWC), Aircraft Division, Trenton, NJ showed a minimum of 50% better
corrosion protection for the 9-cSt oil with additives than for the DOD-L-87354 oil without
additives. In the analysis of life improvement, a reduction of 50% was assumed in rejection
rate for internal components subject to corrosion. The corrosion-protection improvement does
not affect MTBUR (mean time between unscheduled removal) but reduces the cost of depot
repair since fewer internal components are reworked or scrapped for corrosion. (See cost
benefit analysis.)

2.4.2 Filter/Pump Pressure Requlator

Since the viscosity of the 9-cSt oil is higher than current state-of-the-art oils in use in
helicopters, the filter will experience a larger pressure drop when the advanced oil is used.
This can have the effect of reducing the oil pressure into the oil cooler and eventually into the

gearbox. Most lubrication pumps will have the capacity to overcome this by regulating the oil
bypass valve to make the pump oil-out pressure higher and therefore keep the oil pressure
into the gearbox the same. If pressure is the same, flow will be reduced since losses are
higher. The regulator can be further adjusted to increase pressure and maintain the same
flow if desired. The exact amount can be determined by test. The overall effect will be small.

2.4.3 Gearbox Breather Vents

Oil viscosity should have no effect on air flow through the gearbox breather vents.

2.4.4 Flow Rates, Oil Jet Hole Sizes

The 9-cSt oil will cause a reduction of system pressure and a reduction of flow in the gearbox.
If the pressure regulator is adjusted as indicated in the discussion above, flow can be
maintained for a small pressure increase, or pressure can be maintained for a small flow
decrease. For oil jets and lines, the flow is generally turbulent. In turbulent flow, oil viscosity
has only a small effect. Therefore, losses through oil lines and jets will not be affected
appreciably.

2.4.5 Oil Cooler, Blower, Ducting

The existing system will experience a higher pressure loss with a 9-cSt oil than it does with
DOD-L-87354 oil. If the pressure regulator is adjusted to maintain pressure, or pressure is
increased to maintain flow, the oil cooling rate should be slightly higher, since temperature
should be slightly higher for the same operating conditions. Since oil-in temperature is slightly
higher, z_T from ambient to oil-in temperature is slightly higher, and oil cooling rate should be
slightly greater in terms of BTU per minute. Overall, the cooler oil-out temperature will be
about the same and the effect will be negligible.

10
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2.4.60peratin.q Temperature

The increased oil viscosity creates higher pressure which in turn increases temperature. This
is more evident in high-speed areas of the transmission than in low-speed areas of the
transmission. The 9-cSt oil was tested by the Navy in an H-60 main transmission, and
temperature at various locations was measured and compared to the operating temperature
for the same operating conditions using DOD-L-87354 oil. It was determined that at the high-
speed input section of the gearbox, at the input modules, the oil temperature was
approximately 10 degrees F hotter with 9-cSt oil than with DOD-L-87354 oil.

The input pinion of the input module rotates at 20,000 rpm, with the output gear rotating at
5,768 rpm. At the main bevel mesh area, the pinion rotates at 5,768 rpm, with the gear
rotating at 1,206 rpm. In this area of the gearbox, it was found by testing that the temperature
was approximately 5 degrees F higher than with the baseline oil. In the low-speed planetary
area of the gearbox, the temperature was about the same with each oil. The test temperature
data was used in the comparative analysis by increasing the temperature of the main bevel
mesh and tail takeoff meshes by 5 degrees F and by increasing the temperatures in the input
module by 10 degrees F. The temperature effect was included in the analysis as a slight
decrease in viscosity in the affected areas.

2.4.7 Sensors

Pressure and temperature indicators are used within the transmission system. Since the
sensors are designed to read the oil pressure and temperature, changes in viscosity will have
no effect on the accuracy within the engineering ranges used.

2.4.8 Cockpit Pilot Indicators, VIDS

The pressure and temperature sensors send electrical signals to the cockpit indicators. Since
the sensors are unaffected, the indicators will also be unaffected.

2.4.9 Gearbox Seal Compatibility

The chemistry of the 9-cSt oil is compatible with all currently used seals, and no affect on seal
life or performance would therefore be anticipated.

2.4.10 Operating Limitations

Since viscosity is increased in the 9-cSt oil compared to the DOD-L-87354 oil, cold weather
operation may be affected. Generally MIL-L-7808 oil is used in cold climates when the
temperature averages below a specified minimum. For the 9-cSt oil, the temperature at which
the MIL-L-7808 oil is used may have to be higher to account for the viscosity difference. It is
estimated that the point at which low-temperature oil (MIL-L-7808) would have to be used
would be higher by approximately 25 degrees F for the 9-cSt oil versus the DOD-L-87354 oil.

11
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2.4.11Manuals

References to the transmission lubricant in operating and maintenance manuals would need

to be updated.

3.0 COST BENEFIT ANALYSIS

A cost benefit analysis was conducted to project the cost saving that would accrue from the
use of 9-cSt oil in helicopter transmissions. The study was based on the application of life
improvement factors to parts usage rates experienced with the SH-60B helicopter main
transmission. The results were then extrapolated to other gearboxes used in the SH-60B
helicopter and to the transmission subsystems of other Navy and Marine Corps helicopters.

3.1 Analysis of Transmission Unscheduled Removal Data

Modules of the SH-60B main transmission are maintained under an on-condition maintenance

policy. Except for scheduled retirement of the main rotor shaft at 4,400 hours, main trans-
mission modules are removed from the aircraft for unscheduled causes only. Unlike trans-
mission components of other fleet aircraft, the H-60 main transmission modules receive no
scheduled overhaul. The impact of a scheduled overhaul policy is discussed in para. 3.5.3.

The Navy 3M System which is used to document aircraft maintenance in the field employs a
code system to describe the reason for component repair or replacement. The codes
represent generic fault modes, and the system provides no narrative description of the
physical condition observed and/or fault symptoms recorded. The data allow the cause for
component repair or replacement to be determined only within general classifications.

Since H-60 main transmission modules are not disassembled in the field, when the fault is

internal, the technicians performing the repair can only record what is seen, sensed or
recorded by the aircraft instrumentation, and only then to the extent allowed by the 3M code
system. Occasionally, technicians in the field will use the code system improperly and record
a cause for repair or replacement that doesn't relate to the type of component. For purposes
of this study, removals of main transmission modules were grouped into the following
categories:

Leaking

External Causes

Corrosion/Pitting
Induced/Secondary Damage

Internal Causes

Internal Fault
Probable Internal Fault

12
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Leakingandexternalfaultssuchas corrosion,pittingand impactdamagearedetectedvisually
by the maintainerandare not subjectto misinterpretationor erroneousclassification. Internal
fault refers to conditionssuchas gearboxovertempand chip indicationswhichare detected
bythe aircraftsensorsand instrumentation.Theyare also nonambiguousinsofaras the
maintaineris concerned,althoughthe sensorindicationscovera rangeof gearboxfaultsand
fault severitywhichthe maintainerin the field usuallycannotinvestigate.

Probableinternalfault encompassesthoseconditionsobservedand recordedby the
maintainerwhichare likelyassociatedwith faults inherentto the gearbox. Abnormalnoise
and vibrationfall into this category. Conditionssuchas "broken"and "out of specification"are
vagueand may relateto an internalfaultor to some typeof induceddamage. For purposes
of the analysis,theseconditionsweregroupedunderthe categoryof probableinternalfault.
Maintransmissionremovalratesare tabulatedby categoryin Table 3-1.

Table 3-1. SH-60B Main Transmission Unscheduled Removal Rates

Three Years Ending June 1996; 193,120 Flight Hours

Cause for Removal

Rate Per 10,000 Flight Hours*

Input
Module

Access.
Module

Main
Module

Leaking .14 .28 .51

External Causes

Corrosion/Pitting 2.24 1.59 1.62

Induced/Secondary Damage .54 .35 0

Sub-Total 2.78 1.94 1.62

Internal Causes

Internal Wear/Failure .82 .56 .51

Probable Internal Wear/Failure .75 .28 .20

Sub-Total 1.57 .84 .71

Total Unscheduled Removals 4.50 3.05 2.85

Source: Navy 3M Data * Ship set rate.

13
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Because the SH-60B operates in a salt-water environment, external corrosion is the leading
cause of unscheduled gearbox replacements, representing more than 60% of all removals.
Removals for internal faults are less than 30% of the total. The mean time between

unscheduled removal (MTBUR) for internal faults is as follows:

MTBUR*

Accessory Module 11,900

Input Module 6,370

Main Module 14,100

Aircraft hours; ship set rate; internal faults only.

3.2 Analysis of Depot Repair Data

Some of the H-60 main transmission modules removed from aircraft in service are sent to the

Sikorsky Aircraft Overhaul and Repair Facility for repair. The remainder are repaired at
military depots.

Sikorsky maintains a database of parts rework and replacement activity at O&R. Originally
the database was maintained by data collectors on site who extracted data from paper forms
and records. It is now in the process of being converted into a fully automated system which
relies on data entered electronically by the personnel performing component teardown and
evaluation. The database contains coded descriptions of parts discrepancies, including the
type of fault, its location and origin, and the disposition of the part (rework or scrap). It also
provides for supplemental narrative descriptions of part condition and disposition.

The O&R parts discrepancies database was designed as a sample data collection system.
Over the years it has captured the majority but not 100% of parts rework and replacement
activity at O&R. It is used to assess trends in parts reliability and to investigate design and
maintenance problems, but it cannot be relied upon to provide a completely accurate measure
of part failure rates.

Another system at Sikorsky O&R tracks parts usage for procurement purposes using a metric
called the overhaul usage factor. This factor reflects the average anticipated usage of a part
based on prior history, expressed as a percentage of the parts per end-item assembly. For
example, a main module bearing with a quantity of two per module and an overhaul usage
factor of 0.25 would be expected to consume an average of one bearing every other
unscheduled repair. While providing no information on the causes for parts replacement, the
overhaul usage factor is believed to represent a reasonably accurate estimate of parts usage.

14
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3.3 Parts Usage and Repair Material Cost Projections

Table 3-2 lists the gears and bearings that make up each of the three modules of the SH-60B
main transmission assembly. The quantity of each part per assembly (QPA) is shown,
together with the overhaul usage factor reflecting the average fraction of that part replaced
during depot maintenance.

3.3.1 Corrosion-Related Parts Usaqe

Also listed for each part is the corrosion factor, or fraction of discrepant parts rejected for
corrosion and pitting. This factor was derived by examining parts discrepancy records for a
sample of each module type. Because sampling may cause distortions in a statistic such as
this, it was decided to develop a relative ranking based on the sample data:

Factor

Negligible 0.0

Low .05

Moderate .20

High .35

For each bearing and gear, this factor represents the average fraction of discrepant parts that
will be rejected because of corrosion and pitting. In combination with the overhaul usage
factor and the quantity per assembly, it yields an estimate of the average number of parts that
will be rejected for corrosion at each depot-level induction of the module.

3.3.2 Unit Costs and Averaqe Material Costs

Listed in Table 3-2 are the unit costs (cost to the customer) for each part. Costs vary with
procurement quantities. They also increase over time due to inflation. The costs listed in
Table 3-2 represent recent procurement but may not represent the cost of parts procured in
the past and being replaced at O&R today or the cost of parts that might be procured in the
future.

The average cost per repair shown in Table 3-2 is a product of the quantity per assembly, the
overhaul usage factor, and the unit cost.

15
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3.3.3 Life Factor Ratios

The life factor ratios (LFR) listed in Table 3-2 were developed from the method described

earlier in the report. For some parts, life factor ratios were developed for two different load
conditions. Because it is not possible to ascertain from the data, the specific location and

application of a part when there is more than one application per module, for purposes of the
cost analysis, a numerical average of the two life factor ratios was used.

3.3.4 Corrosion-lnhibitinq Benefit Factor

Limited testing has been conducted on the corrosion-inhibiting properties of the 9-cSt oil.
Correspondence from the NAWC Aircraft Division, Trenton (Reference 6) reports that in
corrosion testing of 52100 steel balls, pass ratios of from 50% to 75% have been experienced.
This compares with an expected pass ratio of zero % for the current DOD-L-85734 oil which
has no corrosion-inhibiting additives. NAWC recommended that the more conservative 50%
value be used, i.e., an expected reduction of 50% in the corrosion rate of steel parts used in
the H-60 main transmission modules.

3.3.5 Repair Material Cost Projections

Use of the 9-cSt oil will reduce the cost of repair by extending the life of gears and bearings
and reducing the rate of internal corrosion. Table 3-2 shows the predicted average cost of
repair material if modules are operated with the 9-cSt oil. Costs are computed as follows:

Corrosion-Related Parts Usage

Unit Cost x QPA x Usage Factor x Corrosion Factor x 0.5

Wear- and Failure-Related Parts Usage

Unit Cost x QPA x Usage Factor x (1 - Corrosion Factor)/Life Factor Ratio

Also shown is the average cost saving per repair. This is the cost saving in repair material
that would be anticipated based on current part usage rates and the projected life-enhancing
and corrosion-inhibiting properties of the 9-cSt oil. The projected saving is the difference
between the current average cost and the predicted cost.

3.4 Effect on Transmission Unscheduled Removal Rates

Table 3-2 reflects the reduced parts usage and reduced material costs that would be expected
if the modules were repaired at the same frequency they are currently being repaired.
However, to the extent that bearing and gear wear contributes to module malfunctions and
failure indications in service, these service-life improvements will also reduce the frequency of
unscheduled removals.
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Thedatabasereflectsthe rateat whichgearsand bearingsare founddiscrepantand are
reworkedor repairedat O&R. It doesnot reflect the rateat whicheach of theseparts has
contributedto unscheduledremovalsof the modulesin service. (A numberof partsare
typicallyreworkedor replacedin the courseof a repair,but ordinarilyonly one of themwas
the causeof removal.) Investigationsare sometimesconductedto identifythe root causeof
moduleremovalsand returnsto O&R,but such findingsare not availablefor all of the
modulescoveredby the data. Becausethe databaserepresentsonly a sampleof module
returns,even 100%determinationof root causemightnot providean accuratemeasureof
eachpart's historicalcontributionto the unscheduledremovalrate.

Lackingdefinitivedataon the causesof moduleremovalsin service,the most reasonable
assumptionfrom the standpointof this analysisis that eacil I:;artcontributesto unscheduled
removalsinproportionto the rateat which it is founddiscrepantat O&R. Thiswouldapply to
internalmodesother thancorrosion,which in itself is not a causefor moduleremoval.

Thetotal line for each moduleinTable 3-2showsthe weighted-averagelife factor ratiofor
non-corrosion-relatedmodesbasedon the averagepartsusage.In Table3-3 theseweighted-
averageLFRsare appliedto the currentMTBURfor internalfaults to predictthe MTBURwith
modulesoperatingwith the 9-cStoil.

Table 3-3. Current and Projected MTBURs (Flight Hours)

Current Projected
MTBUR MTBUR

Accessory Module 3,280 3,855

Input Module 2,220 2,360

Main Module 3,510 3,920

Although the weighted-average LFRs range between 1.2 and 2.2 for the three modules, the
effect on the overall MTBUR is considerably less, because the life improvements affect
removals for internal causes only and the majority of the removals are for corrosion and

leakage.

3.5 Projected Direct Maintenance Cost Savings

3.5.1 Current Averaqe Repair Costs

Part of the cost incurred when main transmission modules are removed from the aircraft for

malfunction or failure is the labor to replace the module at the Organizational level of
maintenance and the labor to repair the module at depot. Material usage at depot makes up
the remainder of the unscheduled removal costs. Table 3-4 presents average labor costs by
module type.
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The averagecost of replacinga moduleat the Organizationallevel is derivedfrom the
averageman-hoursreportedvia the 3M System. Labor is pricedat $20 perman-hour. The
averagemanhoursexpendedon replacementof a moduleinclude,in additionto the removal
and installationtasks,the manhoursconsumedin troubleshootingand fault isolation,and the
manhoursconsumedin post-replacementtestand checkout.

Table 3-4. Current Average Costs Per Unscheduled Removal (Dollars)

Transmission Module
O-Level

Labor

Accessory Module 275

Input Module 470

Main Module 2,285

D-Level
Labor

D-Level
Material Total

4,200 3,665 8,140

10,900 24,625 35,995

77,20031,100 110,585

The average cost of depot-level labor is somewhat variable. It depends on the scope of the
repairs, the number of units repaired under a given contract, and when and by whom the
repairs were performed. It also depends on the cost accounting method. Labor costs may
not be fully burdened under some reporting systems, for example. As a result, it is possible to
find significantly different repair costs reported in the historical records.

One source of repair cost data is the NALDA (Navy Aviation Logistics Data Analysis) System.
Costs are reported for repair at Navy depots and repair at contractor facilities. A review of the
costs contained in this database indicate that module repair costs range from about 20% to

30% of the module replacement cost. There is no way of telling the time-frame represented
by the NALDA cost data or the specific costs included. It was decided therefore to use
relatively current contractor data.

Internal records at Sikorsky were the alternate source of repair cost data. These records
reflect repair costs for the subset of main transmission modules repaired at Sikorsky O&R. A
review of these records produced the current average depot labor costs and depot material
costs shown in Table 3-4.

3.5.2 Cost Projections

Cost projections are summarized in Table 3-5. The labor cost saving is derived by applying
the difference in unscheduled MTBUR from Table 3-3 to the average Organizational- and

depot-level repair costs from Table 3-4. The material cost saving is derived from the delta
material cost per repair from Table 3-2. The per-flight-hour value is based on the current
module removal rates.
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Table 3-5. Cost Projections

Labor Material Total Cur. Avg.
Saving Saving Saving Cost Saving

Module ($/FH) ($/FH) ($/FH) ($/FH) (%)

Accessory Module .20 0.59 .79 2.48 31.9

Input Module .30 2.71 3.01 16.21 18.6

Main Module 1.00 4.59 5.59 31.50 17.7

Total 1.50 7.89 9.39 50.19 18.7

The current average cost of unscheduled maintenance of the main transmission is $50.19.
This was derived by dividing the average cost factors from Table 3-4 by the MTBUR values
from Table 3-3. The total projected cost saving for the main transmission is $9.39 per flight
hour. This represents approximately 18.7% of the total per-flight-hour direct maintenance cost
associated with main transmission unscheduled removals and repairs. At an average annual
aircraft utilization of 63,950 flight hours, the $9.39 per flight hour savings translates into an
annual savings of $600,490.

Table 3-6 gives the estimated total direct maintenance costs for the other two gearboxes of
the SH-60B helicopter. The Organizational-level labor cost and Depot-level labor and material
cost were derived from Navy and contractor data sources as described for the main
transmission modules above. Applying the same percentage cost reduction to these other two
gearboxes yields an additional cost saving of $1.69 per flight hour.

Table 3-6. Intermediate and Tail Rotor Gearbox Projections

O-Lev D-Lev Total Proj.
Labor Repair Total Cost Sav.

Gearbox MTBUR Cost ($) Cost ($) Cost ($) ($/FH) ($/FH)

Intermediate 12,500 155 14,100 14,255 1.15 0.22

Tail Rotor 2,975 785 22,600 23,385 7.85 1.47

The Navy's VAMOSC (Visibility and Management of Operating and Support Cost) system
reports a total direct maintenance cost of $68.00 per flight hour for the SH-60B transmission
and drives subsystem (Table 3-7). This includes the gearbox maintenance costs from Tables
3-5 and 3-6 which total $59.19 per flight hour. The balance of the $68.00 per flight hour
involves other subsystem components such and the rotor brake, oil cooling system and the
drive shafts and couplings. It also involves other types of maintenance such as removal of
gearboxes for cannibalization, scheduled maintenance or modification, and all on-aircraft
repairs such as corrosion rework and replacement of consumable hardware.
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Useof the 9-cStoil affectsonlythat partof directmaintenancecost associatedwith the
unscheduledremovaland repairof gearboxesfor gear- and bearing-relatedinternalfaults.
FromTables3-5 and 3-6, the projectedcost savingsis $11.08per flight hour. This represents
approximately16.3% of the $68.00per flighthourcost of maintainingthe entiredrivesand
transmissionssubsystem. At an averageannualaircraftutilizationof 63,950flight hours,the
$11.08per flighthour savingstranslatesintoan annualcost savingsof $708,500.

3.5.3 Cost Benefits for Gearboxes Subject to Scheduled Overhaul

Gearboxes of the SH-60B helicopter are maintained under an on-condition maintenance
policy. Except for scheduled retirement of the main rotor shaft at 4,400 hours, they receive no
scheduled overhaul. As discussed elsewhere in this report, the expected cost benefits of
using 9-cSt oil in on-condition gearboxes include a lower rate of unscheduled removal in
service and a reduced rate of parts consumption at depot. The relative benefits may be less
for gearboxes being maintained under a scheduled overhaul policy, however.

The use of 9-cSt oil primarily benefits normal wear modes such as bearing spalling and gear
scuffing and scoring. Scheduled overhaul intervals are usually not dictated by these modes,
however, but by gearbox-specific conditions such as fretting of a joint, housing exterior
corrosion or fatigue damage in a part. In most cases, the use of 9-cSt oil will not have a
mitigating effect on these conditions so as to allow an increase in (or elimination of) the
gearbox overhaul interval.

Gearboxes subject to scheduled overhaul are removed for both scheduled and unscheduled
reasons. In most cases, scheduled removals dominate, and only a small percentage are
removed for premature failure. Because the unscheduled removals all occur prior to the
overhaul interval, they tend to occur early in the life of the component (the time since new or
overhaul) and are often the result of flaws in the manufacturing or overhaul processes rather
than the consequence of advanced wear of internal parts. If the use of 9-cSt oil does not
lengthen the scheduled removal interval and makes only a minor improvement in the rate of
unscheduled removal, the costs associated with gearbox removals in service will not be
reduced to the extent predicted for the on-condition maintenance case.

Besides the cost benefit of lowering the gearbox removal rate, the use of 9-cSt oil also
reduces parts usage at depot. Again, the benefit may be less for the scheduled overhaul
case than for the on-condition maintenance case. Under a scheduled overhaul policy, the
gearbox is completely disassembled for inspection of parts, and parts tend to be replaced on
a preemptive basis when wear or damage is at an early stage. Because fewer parts are
allowed to reach advanced stages of wear, the life-enhancing properties of 9-cSt oil will have
a smaller impact on parts usage and consequently yield a smaller reduction in cost.
Generally, a scheduled overhaul program is significantly more costly than an on-condition
maintenance program, and for the reasons cited, it is anticipated that conversion to 9-cSt oil
will have a proportionately smaller overall cost benefit when the gearbox is subject to
scheduled overhaul.
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3.6 Extrapolation to Other Fleet Aircraft.

Table 3-7 shows the per-flight-hour cost of maintaining the transmission and drives
subsystems of other Navy and Marine Corps helicopters. Included are all aircraft which have
a significant presence in the inventories and a significant number of hours flown on an annual

basis. Costs were obtained from the Navy's VAMOSC (Visibility and Management of
Operating and Support Cost) system. A 10% adjustment was made for missing data.

Table 3-7. Fleet-Wide R.O.M. Cost Savings Projection

Aircraft
Model

Avg.
Number
Aircraft

Drives

System
Cost

($/FH)*

Average
Annual
FIt-Hrs

Average
Annual

Cost

($000)

AH-1W 147 164 30,775 5,047

HH-1N 36 77 8,960 690

UH-1N 111 117

SH-2G 17

41

67

32

UH-3H

272

75

103

150

SH-3H

CH-46D

HH-46D 46 150

CH-46 E 241 153

CH-53D 57 184

RH-53D 18 332

143

45

166

77

CH-53E

MH-53E

SH-60B

SH-60F

HH-60H

301

286

68

51

37

Total

24,790

3,240

9,145

15,510

8,655

11,890

65,824

11,650

2,270

32,385

7,350

63,950

30,915

8,15025

2,900

881

685

1,598

R.O.M
Annual

Saving
($000)

823

112

473

144

112

26O

1,298 212

1,784 291

10,071 1,642

2,144

754

9,748

2,102

4,350

35O

123

1,589

343

7O9

1,577 257

302 49

45,931 7,489

* Source: U.S. Navy VAMOSC system; fiscal years 1994-1995; fiscal year 1996 dollars.
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The averageannualcost is the productof the annualflighthoursand the per-flight-hourdirect
maintenancecost. A rough-order-of-magnitude(ROM)cost saving is projectedfor each
modelby applyingthe same16.3%cost savingcomputedfor the SH-6OB.

This must be regardedas a grossestimatefor several reasons. First,and most obvious,is
the numberand complexityof the gearboxeson othermodelhelicoptersand the fractionof
total subsystemdirectmaintenancecost that the gearboxesrepresent. Second,the
gearboxeson manyotherhelicoptermodelsare subjectto scheduledoverhaul,and as
discussedabove,this maya limitingeffecton the life-enhancingbenefitsof convertingto
9-cStoil. Third is the relativereliabilityof gearboxeson othermodelhelicoptersand the
principalcausesfor unscheduledgearboxreplacement,bothof whichcan affect the benefits
of usingthe 9-cStoil.

In the caseof the SH-6OB,whichformedthe basisfor this study,shipboarddeploymentand
longhoursflying low over the water leadsto a relativelyhigh rateof gearboxreplacementfor
externalcorrosion,replacementswhichare unrelatedto the lubricatingoil used. Other
models,especiallythose in the MarineCorpsinventory,mayhavea much lower incidenceof
corrosion-relatedgearboxreplacementsand this couldsignificantlyalter the cost distribution.
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